Floods are among earth's most common and most destructive natural disasters
Introduction
Flooding has been defined in several ways, but generally to mean temporary covering of land by water. For example, Kron and Willems (2002) define flooding as a temporary covering of land by water as a result of surface water escaping from their normal confines or as a result of heavy precipitation. Most definitions found in literature also define flood as a temporary covering of water of land not normally covered by water. Among all kinds of natural hazards of the world, flood is probably most devastating, widespread and frequent. In the humid tropics and subtropical climates, especially in the realms of monsoon, river flooding is a recurrent natural phenomenon. Floods resulting from excessive rainfall within a short duration of time and consequently high river discharge damage crops and infrastructure. They also result in siltation of the reservoirs, and hence limit the capacity of existing dams to control floods. For the last two decades improvement in the field of remote sensing and geographic information system (GIS) has greatly facilitated the operation of flood mapping and flood risk assessment. It is proved that GIS has a great role to play in natural hazard management because natural hazards are multidimensional and the spatial component is inherent (Coppock, 1995) . The study area is generally facing experiences river floods. River floods are the ones formed from excess rains falling on upstream watersheds and gush downstream with massive concentration, speed and force. Often, they are sudden and appear unnoticed. Therefore, such floods often result in a considerably higher number of tolls; and the damage becomes especially pronounced and devastating when they pass across or along human settlements and infrastructure concentration. The main advantage of using GIS for flood management is that it not only generates a visualization of flooding but also creates the potential to further analyze this product to estimate probable damage due to flood. The number of flood events has increased significantly all around the world over many decades. The main causes of changes in flood risk are climatic changes, changes in land use and other anthropogenic interventions. The most common anthropogenic effects are: urban growth, the partial or total cover of torrent banks, watercourse alignment, improperly dimensioned bridges, deforestation and the consequent erosion, the construction of roads or other structures across the watercourse, subsidence observed in flat regions due to anthropogenic interventions such as over pumping and, finally the change or deviation of the watercourse (Green et al., 2000) . It is important to note that complete flood prevention is not feasible, while the evaluation and management of future floods can be carried out. This paper presents a plan for a viable flood preparedness, which consists of two main interlinked components : (a) a proper flood management strategy; and (b) the determination of the hazardous areas in the region of interest. Indeed, the second component is a natural part of the flood management strategy. However, the distinction is very helpful since the emphasis here is on the estimation of areas of high flood hazard. Problems related to flooding significantly amplify, and there is a need for an effective modelling to understand the problem and mitigate its disastrous effects. Human activities such as unplanned rapid settlement development, uncontrolled construction of buildings in general and major land use changes can influence the spatial and temporal pattern of hazards. There are several factors contributing to the flooding problem ranging from topography, geomorphology, drainage, engineering structures, and climate. Most floods are caused by storms in which a lot of precipitation falls in a short period of time, of both types of rainfall, convective and frontal storms. Intensity and duration of the rain are the most influencing factors for flood hazards. In the recent years, remote sensing and Geographic information systems have been embedded in the evaluation of the Geo-environmental hazards. Hardmeyer and Spencer (2007) were able to use GIS to create a map showing areas where flood would occur and the frequency with which these floods would occur in an Urban Watershed in Rhode Island. They report that the GIS map created was useful to mayors and other town planners in seeing potential flood areas and the possible damages. This in turn would enable them to identify priority areas, thus enhancing flood mitigation planning and communication of the information to the public and other stakeholders. Irimescu et al., 2009 and Jeyaseelan, 2003 have also shown that Remote Sensing data can easily help in prevention, through the mapping of hazardous areas, land cover, drainage lines as well as precise modelling. In addition, Remote Sensing techniques have been helpful in monitoring flood extent and damage even during the event.
Literature Review

Objectives of the Study
The objectives of the study are two-fold :
8 To develop a flood hazard map of the catchment area. 8 To develop flood risk maps of the study area.
The Data and Methods Used
The Flood Risk assessment requires an understanding of the causes of a potential disaster which includes both the natural hazard of a flood, and the vulnerability of the element of risk. The pair of images, captured by the Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA's Terra satellite-shows how Bihar's waterways changed through the monsoon. Fig. 1 shows the Ganges, Kosi, and several other rivers on September 6, 2017, when flood water with high quantity of silt and sand covered large swaths of the landscape, ultimately led to the floods in the region. Fig. 2 shows the same area on May 24, 2017 before monsoon rains began. Both types of primary and secondary data were used for the analysis of flood affected areas. Satellite images of the study area were downloaded from the USGS, Earth Resources Observation and Science Center (EROS). Two different months of satellite images were used : one image was pre flood in the month of May and other image was for post flood for the month of September 2017. This image covered the flooded areas of northern Bihar, for helping to visualize the extent of the flood along the river courses. Another Landsat image (pre-flood) was obtained on August 25, 2014.
Need of the Study :
There have been many demonstrations of the operational use of these satellites for detailed monitoring and mapping of floods and post-flood damage assessment. Remote Sensing information derived from different sensors and platforms, viz. satellite, airplane, and ground etc. are used for monitoring floods in Bihar. A special geographical information system, flood analysis damage information system was developed for estimation of real time flood damages. Besides mapping the flood and damage assessment, high resolution satellite data were operationally used for mapping post flood river configuration, flood control works, drainage-congested areas, bank erosion and developing flood hazard zone maps (Rao et al., 1998) .
Study Area : The topography of Bihar is drained by a number of perennial and non-perennial rivers originating from the Himalayan Rivers and their tributaries. In terms of flood behaviour, the Himalayan Rivers are very unusual. The state is considered as the most acutely flood-prone region of India. Heavy monsoonal rains, very high basin relief, steep hill slopes, and tectonic instability among others are some of the significant geo-environmental factors responsible for floods in Bihar. A majority of the rainfall in this region is concentrated in the three months of monsoon, viz. July to September during which the flow of rivers increases up to 50 times causing floods in Bihar. About 76 percent of the population lives under the recurring threat of flood devastation in the state. About 68800 km2 out of a total geographical area of 94163 km2 comprising 73.63 per cent is flood affected where the plains of Bihar, adjoining Nepal, are drained by a number of rivers that have their catchments in the steep and geologically emerging Himalayas. Kosi, Gandak, Burhi Gandak, Bagmati, Kamla Balan, Mahananda and Adhwara Group of rivers originate in Nepal and carry high discharge and very high sediment load and drop it down in the plains of Bihar. About 35 per cent of catchment area of these rivers lies in Bihar (BSDMA).
The plains of north Bihar have recorded the highest number of floods during the last 30 years. In the years 1978, 1987, 1998, 2004, 2007 and 2008 , Bihar witnessed high magnitudes of flood. The total area affected by floods has also increased during these years (FMIS, WRD Bihar). The 2017 flood in Bihar was one of the most devastating floods in the history of Bihar, which occurred on August 12 and lasted till August 20, 2017. The floods affected mostly the 19 northern districts of Bihar. The continuous and heavy rains for eight days at a stretch led to loss of lives and properties and also displacement of a large number of people.
Overall, destruction and devastation of the Bihar region are one of the serious challenges today. Preventive strategies with careful planning and coordination need to be adopted by the local and national agencies for mitigating the flood related problems in the region.
Flood Management Strategy
The flood management strategy includes: (i) pre-flood measures, (ii) flood forecasting, and (iii) post-flood measures. Pre-flood measures provide the natural, institutional and social infrastructure for the viable management of a flood risk. Strategies for preventive flood management include: technical measures to control and manage the flood (small dams and projects on the retention and stabilization of river banks); regulating measures for land use and the planning of settlements; and economic measures for the regulation, promotion and communication (Water Directors, 2003) . The Flood Forecasting-Warning System (FFWS) includes the planning of a network of telemetric stations for recording rainfall, meteorological parameters and river flow. This system can also provide a direct warning system for the development of an evacuation plan (Green et al., 2000) .
Application of Remote Sensing and Geographical Information System
Now a day application of remote sensing and Geographical Information System is playing a vital role in managing and monitoring the natural disasters. Remote sensing is the science and art of acquiring information (spectral, spatial, and temporal) about material objects, or area, without coming into physical contact with the objects or areas, under investigation (Lillesand et al., 2004) . Advancements in the remote sensing technology and the Geographic Information Systems (GIS) help in real time monitoring, early warning and quick damage assessment of flood disasters. A Geographic Information System is a tool that can assist floodplain managers in identifying flood prone areas in their community. With a GIS, geographical information is stored in a database that can be queried and graphically displayed for analysis. By overlaying or intersecting different geographical layers, flood prone areas can be identified and targeted for mitigation or stricter floodplain management practices. Remote Sensing can be very effective for flood management in the following way: Detailed mapping that is required for the production of hazard assessment maps and for input to various types of hydrological models. Developing a larger scale view of the general flood situation within a river basin with the aim of identifying areas at greatest risk and in the need of immediate assistance. Remote sensing and GIS techniques have successfully established its application in following areas of flood management, such as flood inundation mapping, flood plain zoning and river morphological studies. In the initial stages of satellite remote sensing the data available was from Landsat Multi Spectral Scanner (MSS) with 80 m resolution. The pioneering investigations in the field of application of remote sensing in flood mitigation were predominantly concentrated in the flood prone regions of the USA. MSS data were used to deal with the flood affected areas in Iowa (Hallberg et al., 1973; Rango et al., 1974) , Arizona (Morrison et al., 1973) , and Mississippi River basin (Deutsch et al., 1973; Deutsch et al., 1974; Rango et al., 1974; McGinnis et al., 1975; Morrison et al., 1976) . Earth observation techniques can contribute to finding out more accurately what causes floods. Together with flood hazard mapping, earth observation techniques can be used to assess damage to property, infrastructure, and agricultural crops. The uses of remotely sensed data in identifying the trends of river channel migration and as a source of input data for determining river behaviour have been gaining popularity in recent years. One of the main characteristics of remote sensing is its capability to generate a large amount of information frequently and spatially, becoming a powerful tool for monitoring changing aquatic environments. Remote sensing data have been used to document water quality estimate, water depths and also monitor river channel changes and aquatic habitat. Object-based analysis of multispectral imagery has been introduced early in remote sensing literature; however, the object-based approach has largely been ignored in favour of pixel-based methods which have been easier to implement. One of the advantages of object-based image analysis is the multitude of additional information that can be derived from image objects compared to the amount of information available from individual pixels (Uddin, et al. 2013 ). Most of the Natural and man-made Disaster management activities can be accomplished faster with the help of Geographic Information system (GIS), a computerized database, analyze and visualization system of spatial data. Geographic Information Systems (GIS) provide a range of techniques which allow ready access to data, and the opportunity to overlay graphical location (C. Vijayaraghavan et al., 2012) .
Scientific Rigorous Monitoring of Flooding
Scientific study of the Flood is compulsory in Bihar because flood occurrence is a very common phenomenon in the region. Although precaution measures have already been taken, they are not sufficient in North Bihar. Bihar has been the witness of great floods since centuries. It is assumed that the damage done by flooding is set to grow further in future. Extensive buildings and many valuable properties along riverbanks and flood plains always come under threat. Climatologists project an increase in extreme weather events including floods. At the advance of any flood occurrence, satellites can help civil protection planners just to anticipate where a river would be most prone to burst its banks, and take action accordingly. Satellite data can provide highly detailed digital elevation models of areas at risk that can serve as the basis of computerized flood simulations.
Adoption of Management Tool
Near-real-time images are a management tool for authorities to cope with the disaster, when any flood event takes place. Obtaining a clear picture is one of the major problems of the overall extent of the flood. Wide area satellite images are very helpful to deal with such issues. They can show an entire flood within a single picture, with radar instruments especially well suited for differentiating between waterlogged and dry land. A sequence of satellite images can show whether the flood is growing or diminishing over time, and highlight further areas coming under threat of inundation. Comparing before and after images of the flooded region helps to make it possible a rapid and authoritative damage assessment estimate, factoring in different land cover types to quantify the cost of the flood.
Risk Mapping
In the aftermath, risk maps can be created that combine a trio of variables -the flood extent, the type of land inundated and the likely flood return period in order to guide civil protection officials as well as insurers as to how much money should reasonably be spent to protect or insure areas on the map from future floods.
(https://earthobservatory.nasa.gov/IOTD/view.php?id=90920)
The pair of images, captured by the Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA's Terra satellite-shows how Bihar's waterways changed through the monsoon. Fig. 1 shows the Ganges, Kosi, and several other rivers on September 6, 2017, when flood water with high quantity of silt and sand covered large swaths of the landscape, ultimately led to the floods in the region. Fig. 2 shows the same area on May 24, 2017, before monsoon rains began.
Conclusions
A method to evaluate the benefits of a flood warning system is presented, as well as a method to estimate the hazardous areas. The estimation of the flood-hazard areas is a fundamental component of a flood management strategy. The proposed approach was applied to the Kosi, Ganga and their tributaries in order to determine the areas and settlements in danger of flooding. The obtained results were validated against data from historical floods in the basin. Since flood phenomena occur in the area of study, the methodology presented in this paper could become a useful tool for the prediction of potential flooding areas and for the better organization of a flood management plan. Furthermore, the combination of this method with an effective forecasting-warning system based on Day's method can be used to avoid flood damage and ensure public safety. The GIS techniques and analysis are valuable tools for various fields of study. This has been used for mapping, modelling and analysis of a variety of applications in disaster management at various levels and scales. The frequency of floods is increasing due to climate change, which will bring heavy rainfall. The poor river management and construction in flood plains reduces the capacity to absorb flood water. The present study shows a simple and cost effective way of using Geographical Information System for creating flood hazard maps from the available data base. In this study, an attempt is made to prepare a flood hazard map to identify the flood extent using ArcGIS software. Using the flood hazard map, flood prone areas are identified, which will assist in appropriate planning of development works. The extent of the flood affected areas was marked by using remotely sensed images, which provides the immediate scenario after the disaster and by using this latest technology the affected areas can be monitored remotely.
